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Abstract  Granular computing is a state-of-the-art methodology that simulates the multi-granu-
larition cognitive pattern of the human brain to deal with complex problems. As a typical descrip-
tion of granular computing, fuzzy quotient space theory focuses on gradually granulating complex
problems into the hierarchical multi-granularition spaces, thereby implementing hierarchical solu-
tion of the complex problems. However, when dealing with massive high-dimensional data, the

efficiency of constructing multi-granularition spaces through the fuzzy similarity relations in the
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existing fuzzy quotient space methods reduces significantly. On one hand, the fuzzy similarity re-
lation is obtained through calculating the similarity among all objects, which is not conducive to
processing large datasets; On the other hand, the fuzzy similarity relation contains a large
amount of redundant information, which leads to a large number of redundant computation in the
subsequent steps. Therefore, based on the 2-nearest neighbor fuzzy relation, an efficient con-
struction approach for constructing multi-granularition spaces is proposed, which greatly im-
proves the efficiency on the premise of ensuring the performance when facing downstream classi-
fication tasks. First, based on the # -nearest neighbor algorithm, a £ -nearest neighbor fuzzy rela-
tion is proposed, and its key properties are discussed and proven. Second, for the multi-granular-
ition spaces construction task, parameter analysis is performed on the k£ -nearest neighbor fuzzy
relation, theoretically proving that when £ is taken as £ , all effective information in the data
space could be included. Then, the number of effective positions in the nearest neighbor and sec-
ond nearest neighbor phases are defined. And the algorithm for extracting effective values and ef-
fective positions of the fuzzy similarity relation is proposed, the efficiency of constructing multi-
granularition spaces is improved by about 75%. Finally, relevant experiments are conducted on 9
UCI datasets, 3 UKB datasets, 3 image datasets and 3 text datasets to validate the efficiency of
multi-granularition spaces construction approach. By comparing and analyzing with the existing
classifiers, the effectiveness, stability, and saliency of the proposed approach for classification
tasks are demonstrated. In summary, a k -nearest neighbor fuzzy relation that only contains
sparse effective information is constructed. On the basis, an efficient construction approach for
constructing multi-granularition spaces based on 2-nearest neighbor fuzzy relation is proposed,
which greatly reduces time complexity while ensuring classification performance.

Keywords granular computing; multi-granularition spaces; £ -nearest neighbors; fuzzy relation;

fuzzy quotient space
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T 5E ST 3 48 51 MR GE 4B 7 4153, 2 1A T 2
AT SRR 5 R | B AR Y S FTGI AB 81, it T
W BE AT S8 AT RO B AR O v 5 3.3 R IR T
20k 7 () ) PR R S B 0, O S A B 1 ek )

S % B BEAT X Loy
3.1 ET2EDEMXANSHES
ik

HIASSC 2.1 e & 1 AR 2 A0, BAT B M Ry

2 ) R A A S 22 o 2 ) 1) 5 ik 19 20 BR B8 2 1 S it
ST Y P G2 22 [ Y R B8 L A B AR AL 5%
Z R A [ 5 5 SR O P A AR S A 3

— ZRGNATR] 9 18 AF, i I 38 3 O P 1 — %o i de
HEATR 53 A Aty 1 22 i 2 ). SR, — 5 1T, AP 9R 1
TFEEE A T F B2 22 [ AR L BE A IR 0] 52 2% B2 O
On®) o i T AU BE 5 0 31 R 1 i 0 TR 18
S 36 G SO s P S A T AU AT Ik 21 T o 7
0 ZE IO IR 2P B 1 ORE R B R AR Y I T 5 55— T T
P SCHR £33 ] rp i 98 20 A7 - B A 815G R AL 5 1Y
nXn MEBHF.ELZHE 0 — 1AM XU
AR 1 FE B A B I (]2 TEAL Y. TR I B T M R
23 [ AR R e T 22 L 8 2 () R A A 7 3 B 2 SR
RT AL 5R 1 A,

SCHRL33 v 56 T AR AH AL 5C 2 A R(EL A A AL Ao
A PR VRAIE AR B BT AR 3 BT

HT AL 3 R AT i HOSCOMI AR 8L 5C & AT AUE R

S 8]

S B8] [ R A



9 1 B JLAF  — Pl 2o 5 s (] A B R T 2147

AR

I

3, B = A
Iiﬁlﬂﬁ'{ﬂ)

ﬂ)ﬂ- i‘i’h 5&{&

2. 48 B R R
iR S8

s. smgnpaa A 2o RN
Bl 3 AR DL 3R B (AT 2 4

B0 A B B E S B I 320 A 2 A AT (B
B KA ARG X T AR JC R R U R, 15 2
BRI AR AL G 2 19 TR0 R Z AR A8 T A A7 1Y 8/
(A4 Jmy B/ IME R TR B AT (B e RIEAR R Y
S 5 iR N G 55 B B T R X G 2 18] 1 A ABLRE , 36
ARICER Y42 Sy doc KAB B Ay AR ABLRE 558 /3 P X 52 2 1]
HYARALEE . BT B3R Zp 0T, 3. 1. 1 54 35 T T A X 4
() kT RRAE DA E A A SUE BB OC &R LR
Nk T RBASR O AR IS HOAH G BT 3. 1. 2 1%
T 1) 22 L B 25 ) PR g 3X — AT 55, X & 3 SR A
KA b FATSE50 1 UEW] 2 3 &R A OC &
AL AL SRR AR G & b 2 BRI RUE B i — 2P
Hby s 78 SCT IR SR A AU 4 41 B T AR
T 25 B) A5 10 g A 20 32 2 T I ) 20 B 1, S S 2k
AR I S A TR A R BE A
3011k ATARAOR O AR KA

TEART H IER ORI R RS LE X T kil
BB ¢ & WF IR UE W T L AH OGPk BT, Oy B TR
IR 5[] A5 A0 P b g 22 ok B A ) R f B O
FE A

TEX 9. k UTAPBOM G AR, 4 — B DR AS
B RS FDIS=<U,At,V,f> , % |U |=n. &
UXU ERIBMTHENR,, X F o, .o, €U KA
Jﬁ(x,-,xj), x; € knn(x;)
Ry =4 1, i=j 4

L 0, otherwise

FHop, ke WBRBHE <<noknn(x) RFEFSR 2, 10
P IRSESRE A S, k(x, ;) REWNSE 2, 5
o Z A B AR ) R ,,, FRIEI U 18 & T 4B A

BT b AR OC R L WFIT T HAE S BORI OC &R
) LA 1 S5

MR L R, 2R U EARER.

YRR 2. Ry, fEIRBU FARW X FRE.

9 2 R B BRI 3 R, KF R

.
1 0 0.95 0
0 1 0 1
= (5)
Lun 0.95 0.95 1 0
0 1 0 0
MR 3. R, BB U LR s,
ST AR R, BRI S US L85,
—E{Wj/i Rﬁ DR iuu s E‘-I]

Ry (x;52;) = \/ ER, (r;sx) N Ry (xp 5 )]

(6)
R EMNT | U |[=4 R, »HXT AT .
1 0.9 0.95 0
0 1 0. 95 1
0.95 0.95 1 0.8

0. 85 1 0 0
Hrp EZ,,,, (x,.2,)=0.9.

\éU |:§27m (11 ) /\EZmz (Ik ’Iz)]

=AA0DVOQINQLH VOIAI5ALE YV OAD
=0.9V 0.9V 0.95V 0
=0.95,
WA 0.9 << 0.95, 54 6) thge. B R,,, it
&3 1

FE LR b LRFSE T b AT AR G R B £ (AR
b 5 F A L

T 1. 4% — DB IREE B RS FDIS
=< U,At,V.f> % |U|=n. MXTAEZERHK
Bk, <<k, <n AR, CR,,

i RIEE X9 KT Yo, € ULR,,,
Ry, WTRRA

IN?(x,» 5T )s x; € kyin(x;)
R — 0, z; € kyn(x) N x; & kymn(x;)
/tlml - ’
1, P=
0, otherwise
Iw?(x,- X)) s x; € kinn(x,)
Ek - Rz, ;) x; € ko) N x; & /e]nn(x,-)’
‘ 1. i=j
0, otherwise
MR, , FIR,,, 205355 T 4 BLF DA
W

1) %’lxj € konn(x;) B,
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Ek],,7, (-T, 51‘_,) :Ek27,7, (1', ’1'_]) :R/(II s I j ); ZT_\‘%
(2) Bz, € kynnlx) N x; & kynn(x;) B le?(x,,xj), x; € 2nn(x;)
Ekl,,,,(x,-,l'j):O<§,¢2”,,(1‘,,1]~):E(Ii,l'j); R, =+ 1, i=j (8
(3) M i{=j 0}, { 0, otherwise

Ry (xisx)) =R, (x,sx;) =15

(4) AN DL .

Eﬂ,l”“(I, s ;) :Ekzm,(([, sx;) =0,
FSl Ekl,,,, (x;,x;) < E’u"" (x;sa;) THAL.

HHEBROWTH Y o, € kynn(a) N o, &
kynn(x,;) B, Ekl,,,,(xi,.r]) *= R?kz,,,,(x,v,xj).
My Ry # Ri

% 1R, CR,, HiF.

I 2. 4E — DR B RS FDIS
= U,At .V, f > & U |=n. WY kr=n—1H8,
R, JEH U FRBBIAILER BT R, =R B,

W k=n—1 0, el U Ery
n— 1 IEARBIH C RIMC R R, . BE 9 A1 X
T Va,.x;, € U FELLTHFELR .

(1) X :{=j bf.

E,I,l(x,» s ;) =R (x, sx;) =13

(2) B, &z, Bn— 1R

R, (z,sx,) =R(x,.x,).

[FES, T o, Bn—1IEREDEE n—1 X
SR T Vo, .o, € U BER DM BT
x; SR n — 1K MRTEAEE L9
iR “otherwise” B 1F L.

AR FIER 2 RULBEE £ MBWE KR, ki
BEMCRBIER—TEMCRE, Yk =n —1
B s & AR BORT OC FR R AL S BRI AR BOC RR.

3.1.2 R EABBINI G FR B

MNIEL 3 AT, A8 R 35 % G2 ] B 56 &R 1 H
1) 2 18 B RE VA R & e X & 3 AR BT 5
RIATSEO T 2 B B4R 15 £ 3T SREDH
KRB & A A SE B/ k.

28 3k K S S 43 B, FRATAS B DL 4598

EE 3. HE-TEBIKGEE RS FDIS
=< U,At,V.f > A R,, HILWU 2 JF4BHE

WIXZ, R B U b B AR e 2, %745 20
vy € Eff(fé) yy GEZIIII .
ERAREAR 9. T Vo, 2, € U.R,, A&

HRARE P13, 35 AR A DL G 3R 1 A M 4 Lo S
=S

(1) BiEXT 20 R A, B AL C R 1917 5%
KAE—E WA M T Vo, € U, y=R(z,,
) W x ATBR BN AL TR SN R E B

y :l_/rgilxv/l(k(x,- DD

Wy R, BRGEAFTLL y € 2unCe,) —E ML
WA (3.5, Ry (2 52,) =R (x,0x,) =y .
B, y €R.,, .

(2) BRF X i 26 90 R AT S RAE b AR OO
B ARARL G 28 v 18 die KA AR S A 2801 B0 4% dc R (H
Ja S SARUCK R P R RTE AL BN 0. %4 = — 1
BRI AR RN R, A%
BN max,  WAFALE LT PIRHE 0L -

(2) max. N x, 5 2 4P, W max. € R,
A

(b) max, AN AWH M — DXL 2 i
A%k WA o B % max, =R (z, s ;) . PRI S
ZBA X max, =R (x, s ;) =§(17] sx;) .

KR max, 245 = 809 KA. BT L max,
maxﬁz,l 21?(@ ,If) L H TR BN B B,
max, Zﬁ(x, ,1712) ] max, Gﬁz,,,, 5y

L5 FFTR X TAEER v € Eff (R) .y €R,,
THIE.

R 7 B3, AT DAAS Y« 3 3o A A0 i 25 (] A5 75 Ay
HE Lo B 2 ) B, AN BEA A 2 AR AR 5C R L B AT
15 FEOA KRR O 28 v 1 4 A UM R, L 5 R I i A
B354 G R B A R B4 43 2 e o #5844 D
1) Z2 i JiE =5[]

N TR LS BT 2 AR L R EX T
e RibR = Sl 95 IR IRV G linc IR 1 B

TE X 10. 523 20 7 5 A A8y AL 4 — A
FOW SR 5 B RS FDIS =< U, At V. f > . i
B U B8 4B 51 15t (U) FIRGE AR FE 3 2nd (U)
E XA

Ist (U) = {({((z,2) R(x.x")) |z € U}

2nd (U) = {{(x,2") ,R(z 2" |z € U}

9
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Hop, 2" REXT G 2 B3 1 IEBCRE A H) . 2* R
MR x W 2 B ONE A HD. ik 5 fE,
Ist(U) #1 2nd(U) 5N 1st Al 2nd .

3.2 AREMERMLENRN

H AT 3 AT, 5 T RO A DL OC 2R A ALE A
ROALE R BRI, AR LT A R A AR 1 R
SRS SRS IR IR SUAC R

(1) RS AR ARG 28 X5 7 % 199 b = A DX 30 e
A 1T 8 B A — A B

(2) RS ARG 268 B A B 1) b = X3 oA
MAEMEHE =n — 1.

EJE T 2 AR 5C RO B X AR, it
it S EH BT A A AN AL A U AR Y
H LT 2 ST KRR OC & L BT d5c i 48 5 91 0 U 4R
8L et P I B A A (R AT R Y R R

T SE B AR 3T AR I B AN R G AT I B 1 A R
BotAonk.

R 3, 2 AT AT RO O &R RN AT X R (H
W AT REAFAE R X R E Dy 2 AR, I C RN
AT SR T BE A7 AE (RO X FR. WK B, R, (2ph))
=R, (x; 2, 7 0. W00 5 P R, (xysxy)

=R, (25 s2,) =0. 95,0, Fl 2, H HEITAE, 76D
KEPHIEPIAALE A Z BT R 7018 5 i 2
HL 25 [H] Y TTHR 58 2 —FE B TIUARE B H A &L
78 I A BB R 2t LT e s

FEX 11, HHE. 2 JE4R. 45 0 — A BOW R {5 B
R% FDIS = U.At.V.f > A R,, } 2 E45H
MIXR T YVa,.x, € Ule, # x;) AR

Ez,,,, (x;sx;) :Egm, (x;,x2,) #0,

W &, F 2 AHE 2 3540 12 E m2nn (2,2 ;) .

(1) S5 3T <R B B ) A 80

HRORY) R 1B G 2 AT S5C1E A0 4 R 2 1 S Hh R 2
XF ML IT R IMNAT () fie AR, 15 X5 1 48 R H A 2%
FrE . R AT 2 3 SBBH O 2R L5 — B BUU R R
53R 95 I PO VAR SRS A A I

FEA SRR B AR B B Y A L A = B A
J7 91 4 34—+ U 48 I 471 v BB 5 3 S AT R A o7
B — AR A RUE R A B 2 AR AL BARE R
KT .

BT 11 BT AR B AR EL 2 IR AR K

m2nn (1st)
= {El,,,, (z;sx;) ‘mZnn(li sx;) st < g} ‘
TR 3T R PP 510 L ) A AR AN AN B T AR

BB BT A ) B WG 4B A1) e R i <
Wi B A RSB BT A o . DR 28 B DA 2 X

EX 12, %% — DB B {5 B RS FDIS
=<U,At,V.f > 88 U MBI N 1st Ik
TEABF BN 2nd . ¥ F YV < (2529 .R (x,2?)
>€ 2nd # I (y.y").Ry.y")) € 15z flif5

R(y.y")=R(x,z"),
W CCaa®) SR (e ax®)) UG 4B FF 51 v B 2 6% 3
SR B BEAT RME AT 30 B 00 BT %A R Y
HiCHN Eff . 2nd) .
BT LR, Bl A I B A sk B OB

LT
TE X 13, F i SR By BE B AT R B AL 4 e — A
BRI 5 B RS FDIS =< U,At.V.f > it

U MRGE A8 90 1se B R,,, A 2 HEARBIM 6 &,
] 5z 30 408 B B A A8 s A

|Eff i (R |

=| 1st |+| Eff ,, 2nd) |—| m2nn(1st) |
Horpr [ 1st | RBRHEIEABIFIWE, | Eff, 2nd) |
AR 2 AT 408 e 1 e B3 5 3 AT [ B A A1 B AT R A
EHHE . | m2nn (Isv | R EE BB BA S0E 1A
B2 PRk

VE AT AR BT S kS ARGk BB

(2) YOI 4By B i A 25 0r i 4K

TR AL 5% 28 A5 28501 1) i L 8 7 i BB = b
FLITCEIMT D) I KA Z S5 15 98 75 AR K 32 B
Tl A1) e AL, BB AT 007 B s A 4% k. RS
2 T AR B O R L 5B B B AR U R B A
B ) e AR e HE S IS 4 A R A

AR AR« U AR B B A A R B R = A
P AT RO R+ 224 3R R 7 U 4B T 4 v Y AR
OB - Sy Tl

TE X 14, YT 4B B B 1 A RLDL B AR S E —
FOW S5 B RS FDIS =< U, At V. f > i)
$US$S MKIELEFES N 2nd H R, K 2 JF 48K
V75 P e KA A max, ISR B BEAS ¢ IR
AL E BN

\Eff,, (Ru i) |

(10

- |Eff i (R, |+ p(max,) i=1
‘Effpz(ﬁz,mvifl) |+ px(max,), 1 >1
(1D
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Hrp, z(max,) 8% max, B9I%L. L1 T 2 AR OC R M 2R 25 [R) B
P LR B, T 2 A AR AROR ¢ & 2 BOA BUE P,

R ATR R 1 3 I

( A ) ( it )
2R A1 B Aoy Al @
it

1 $E 4515 e

AR 5 gt &) e | sanasos
3 REET spankifey | FRUEHIR
2 EHARGT) zn-l fi IRRERE
i TR B B

T Rl B

|

[
B4 2 S AR G 2R i A A(E A K R I

3.3 ZHETEREHETIE

AR T 2 3 AR AR 5 2R 1 H 22 L 2 i R
HEAETTE.3. 3. 1 AT R B, 3. 3.2 1
K o iz S ik (4 I 1) 52 2% 58 L O () B A 00k kA xd
Fbs3.3.3 WA 5T X0 B T 2 T AR BRI ¢ R 4 2 hE
JBE 2 () e R 3 7 0k S HEAT SE 01 0 BT SR IR

S
3.3.1 Bkt

HRAE 3.1 A 3.2 1 B BIE 40 A 6 T 2 G AR A
W1 56 Z2 1 22 00 3 2 [) P o b A 9k o 2 G A AR
W15 R A S A S0 B R 2R B 2 ()
PO BRGNS o, Hodr, D BR 2 iR E 4 R
BRI 2 T SRR M O & b 4R BUR AU A

A

=
RN v B s B R B PR AHQSS
L 2SR HI K 5 2. F A 3. iR & 4. LR
il WA | | S8R RR R i — & 5l A7 20 5 G R R R UCR
BHGTWMAL, B B, WNEMHRK | | HSAMGEEREK | ik, SEER
W2 MR, ERGE 3 e R R, M -—RAR Ml HQSS
AE MG | AR %R
L 4

5 T2 AT AR AR OC 2 1Y 20 B 2 (1) PR A

HAREY A5k 1 Bz, A0 H BUAT B0 28 S0 7Y
2 1) A58 250 R T A fEL A MR T s [ A Y A s 220k
JEE 23 ] o A SCTT R LA AE T

(1) st T FURL 5 BRI AR B 5 2 v i A7 2815
B 2 U RRBER O 2 sl G T R B ORI R B

(2) HeT 2 3 AWM 5 R BETH T X A AL (E
I A A B ) DRt B HUSE  , JRE f 1 2 G AR G
FR R A% 2 P B F) I ] 453 F°E 5

(3) i p DARAED B Z 65 2n MME
H 2 T SRR O R FEAT XS LG, B EOC R A T
B J7 B R A BRI AL A (E A AR
AR AL G 2R O] 25 4 56 R AT X HE L 4R T T i

A EWIRE G R RSE FDIS =<<U.A:.V.f > ;
Hi il 2B 23 A HQSS.
VWAL |Eff (Ro) | < ¢ |Eff, (Ron) | < ¢ei < 15
[/ 12 AR E R
B R EARFEASE]: R, 1sd 2 2nd
/)RR 2 A TN S
[/ 2.1 BEHUIRGE SR B BE I A S T B S
HRHES  Eff (R,,) =
(Rop (2,0 | (Cxivz,) 3R (202,00 € st} 3
WRAEAR G DHE | Eff, (R, | s
HHALLER: |Eff, (R | = |Eff 0 (Rud | s
WHILE | Eff, (R,,) | <n—1;
[/ R 2.2 BB G S8 B B B A RRE TR R
HHG
A = {R,, (x,»2,) | ((zx,.2,) Ry (z,22,)) € 2nd} ;
P~ i1
PEEUS T 2nd B KAH :max = maxA ;
HMEES : Eff (R, = Eff (R,,) U {max)s
WIHAR G OHE | Eff,, (R, | s
BHRALEE: | Eff, (Ru) | = |Eff,, (Ru) | 5
END WHILE
e ER T3X
FOR A IN Eff (R,
FORR,,, (x+y) IN1sd U 2nd ;
IFA >R, (x.y) ;
Ezm,,A (xsy) = 1;
ELSE
R (zsy) =03
END IF
END FOR
END FOR
/)R A 2R A A
FORA IN Eff (Ry,)
B R, W4, 155 T, @) ;
rp, )< rg W)U {rg A} s
END FOR
RETURN 7 (U) .

3.3.2 W 44 B 5 b

VL1 MRS RN A A B A D R . D BR 1
JEAREE 2 AREIM OC R, B BR 2 R PR IUA BUE A
L E P TR 3 R EEOCR LR 4 R R
23 1), T AT 26 BR A B[] A 2% BE A BT AN R
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(DOXFF A1, ARSI KD-Tree 144 2 3125
B 5 2, I 6] S 2R B O (nlogn) . B J7 k242
3 3 TS 3 R T G =2 1] G R AL A AR A
WIS FR IR 2 R O (n®) L PRIt 7 SO 5 IR
TR R R B AR

(X TR 2, AR SCH BRI 4 ()28 SR F o3 1k
FEEL 2 0 ABAS OC R I A R RV RL T L 4
T 3 P B AR A 2% B

O 5 15 O« 7 FUEAT J5 30 40 B BE B AT 48 B
SR B A A U B TR] S 2R B O (1) 5

Q5 251 L« 5 40 1 58 YR I 40 e 81 ) BT AT
(L, DU 75 B2 X6 YR 3 40 7 4 kA7 HE e N TR A2 2 B oA
O(nlogn) ;

@ — MBEAE B B UK T & B B (0 1 R B R m s
WAL BE 2 0 — et I B2 240 O Gmn) .

26 BUASEN 7 A5 () A5 TR 5 o O O ik T A AR
P A 42 A R 1 B T B 2 B O (), 28 B
7 a3 1A) 4 B 3@ o Warshall B 38 £ 3 A @
PE B A W i R A 24 B O () L 3 F A 2UE
(10 BB R s () A 7R R AT A 1) I TR 52 2 B
On®) I AR SCI LR T 2 58 2 iy |] 2
BB

(3 XF TR 3, A SO T A A 880 (E 43 01 iy 2
2 I ABBM K R BE R IR p MAMETE
XFEE 2 AT AR B G R PR 20 ANMEL I E p NEE
2 ] S AR FBE R O (2pn) . 28 MUBTR T 2 (1) 455 5
Wit p AN RE X B S0 R P 2n AME, S
T R AR B 2 AR 0L p A A S X L
BOWIARRIOC R T 2n NME L E p DEOCR BT RIE
T PBE BN BT B 28R O Cpn®) L IR AR SC 7 k%
T 08 3 Byt Ial & 24

(DX T AR p MR B THEX
FEBEOC R P 2n ANMEDR R BB AL p 2 £
L RE 23 8], I E) R 4 BE de 25 O (2pn) . B TR Y
SR R R OE R T AEE R AR IR U p
JR W 2L BE 23 1] L W) B 2R BE R O (pn®) o IR I, AR
SCOT KBRS T A IR 4 BB RV % B

AR 305 i FER A 5 ik B B T R 2% R 6 E A R 6
B 6 vk B ) 2 4% B R A o 6 AN SR g,
O’) X 6, O’ X S5ELR 5 45 SF A,
A T Y N ) A2 2 R RS, R IR 6 R, S O vk
ey 22 8 235 ) 118 B i) A2 2% B A L, AR SC O T AR T
A AL BRI ROR AR AT KA $ETT

BEARMTEARY (FHi%)
O MW AR (Warshall 7D
6 7 B T A4 L B o

F | sk —minR

SR
T

N
\
\
\.
\
\
\
\
N
\
\
\.
N
AN

NN
V22222

L L3 Ps 39
B 6 mfla) & 2% B L
3.3.3 S Hr

SR T IS A b I 3 N R R T 2 A AR BROR O
F I BRI 7 2 [R] 4SS AR O PRl A s 22 R B 4 [R] 1) O
T AT K 25 0 R A0 A S 48 o #

TG A BT K 2R A PR A B
RS FDIS = U,At, V. f > A U={x,:25,,
o) REMAT 1 AR FREAM®RE, At =C U D,
= {ryary g ) REKMFBIESE, D =(d) f0F
PR B B - RERABERGIBR. 2=,
IR ) RO A s SRk -, ARFR I RS (N,
ok, TR ARTRIE R e, IR E L RS
(R P38 A0 AR 4E B M - IR IR, R4
AL aEh .59 R R o R K
RS UEIR, — M 20 AR B -,
RFERGMHHI A0 RFRMEH. 0 T
FEMEd M T RFESH.ONREREEINEL
FZEMREREERE N R IKE R RRER
3 H,

(12 AP OC R - 56 TR 0 fir A x4 1 2
UT AR B AR A S 9 Mg 2 AT ARSI OC &R L XTI
FEFEIE .

@

1 0 053
0 1 0.53 0 o o
0.53 0.53 1 0 0.57

0 057 0 0
0 4

0 0

M, =047 0 0 1 05 0 0
.5 0
0 0

0 1

7

057 0 0 05 1 0
0.50 0 0.57 0.50 1
10,47 0,47 0.47 0.43 0.43 |

AR S 10 15 21 A0 W 14 B 3T 4R 51 ARG
LBIF 5 .
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R3 EHMRREEERS

8! 7 T3 Ty s Ts d
x, (0.8,0.2,0.0) (0.2,0.8,0. 1) (0.1,0.7,0.4) (0.1,0.6,0.2) (0.1,0.8,0.1) 1 1
x, (0.9,0.1,0.0) (0.1,0.9,0. 1) (0.0,0.2,0.8) (0.1,0.0,0.0) (0.4,0.6,0.1) 1 0
X3 (0.7,0.3,0.0) (0.8,0.2,0.1) (0.2,0.5,0.2) (0.9,0.2,0.0) (0.3,0.7,0.2) 0 1
x, (0.0,0.3,0.7) (0.9,0.2,0. 1) (0.0,0.3,0.8) (0.0,0.2,0.9) (0.5,0.3,0. 1) 0 0
Zs (0.2,0.8,0. 1) (0.2,0.9,0. 1) (0.1,0.9,0. 1) (0.0,0.7,0.1) (0.2,0.6,0.0) 1 1
X (0.8,0.3,0.1) (0.1,0.8,0. 1) (0. 8,0.3,0.0) (0.8,0.1,0.0) (0.7,0.2,0.1) 0 1
X, (0.2,0.7,0. 1 (0.0,0.2,0.9) (0.0,0.2,0.8) (0.9,0.2,0.0) (0.4,0.5,0. 1 1 0
1st (U 1 0 0 0 1 0 O]
= {{(x,+235):0.57) (x5 yx3)50.53) ,{(x5,24),0.57), 01 0 0 0 0 O
<(1‘,1,I5)7O.53>’<(.l‘5,.Tl),().57>,<(IG,JT3),O.57>, 0 0 1 0 0 1 0
(7521 :0.47) s (27 525) 50. 47) (27 505) 50. 47) } Mg =10 0 0 1 0 0 0.

2 Ay

2nd (U) 1 0 0 01 0 O
:{<(1']9173)90.53>9<(1'29I7),O.47>9<(1‘391‘])90.53>9 0 0 0 0 1 1 0
<(1‘37172)9O.53>9<(1’4’1'1)30.47>7<(1‘591'1)s0.53>’ LO 0 0 0 0 0 1

((xgsx1)+0.50) s ((xgs25),0.40) ,{(x;7525),0.43),
((x7.24),0.43)}.

(2) A RE A R E B i 4B ¥ 51 v i
PHCN A RS, AT {0.47,0.53,0.57) . 4 F
IR I AR I B i B B AR IR L 2 3 4B R
| m2nn(1st) |
| {El,,,,(x,-,xj) | m2nn(x;x;) i <j} |

| {Rlzm(xl yx5) Ry, (2,525 Ry, (25 ,206)

Ry (xysxs) s Ry (20 )} |
=5.
HRAE 2 2 (10D Y 4B 7 51 o B 38 e 30 4B B Be A
BUE A AL E L
| Eff ,, (2nd) |
=| {{(xyx3)+0.53),{(xy sx7)50. 47> s (x5 s21) 0. 53) s
(x5 525)450.53) s (24 521050 47) s (2552, 0. 53) } |
=6.
PRI s MR A 2 2 (11D S5 48 B B 1) A 8o 5 8y
|Eff 1 (R, |
=| Ist |4+ Eff , Cnd) |—| m2nn(1st) |
=94+6—5
=10 > 6.
Hit, | Eff(U) |={0.47,0.53,0.57} .
(2) BRI FIL 1 L5 3,8 0 Eff Q)
(R S B AL B 2 T AR AR OC & T LLAY B — &R 8
WG R ¢ IO F BRI M

TR

My

2m A i s, R27m
2 3

A g

(4) ZRE=S ) ARPEFE 1P 4R 4
A P 32— R 3 8 L TR Il 2 R A5 ]

TR, (U) ={{x,sX9sX5sX4sX5sTgsT7) )
7I'E2””.A (U):{{‘Tl9‘T2913,x4,x3,1‘6}’{x7}}’
ﬂﬁzmh)‘ (U) :{{I] 91‘5}9{12},{17,1},{1‘3 ’16}9{1‘7}},

3

KEZW“A’ ) = {{Il}’{12}7{13}’{14}’{15}7{16}7{17}}-

4 KW

A H T BA 0 B B 25 [H]45E 780 1y it 22 b 3 28
], 56T 2 SR ABEM OC 3R 1Y 22 R0 B 25 [R] PR A4 2 7
VR I A R A AR B 2 T SRR OC &R L )
RHREAR T 4> 20 BRI 18] 52 2% B2 Oy 17 63k iy 2
T3 2 B TR o AT K 30 o S50 R AT R E

EWEE

(1) BEPLZERE 7 D RIE T A IR UCT s fE 2
> JE (https://archive. ics. uci. edu/ml/index. php)
o BN A L LIRS B R 4 TR,

F4 UCIEBEEMEHAEER

%5 UCT % # 4 MU &+ Q=R X (- N3

1 Iris 150 3 3
2 Heart 270 12 2

Ecoli 336 7 8
1 Breast-cancer-wisconsin 699 8 2
5 Banknote 1372 4 2
6 Titanic 2200 5 2
7 PhishingData 2456 29 3
8 Gender Gap in Spanish WP 4746 20 3
9 Wavaform 5000 20 3




9 1 B LS —Fh 2k A% JA] By bR M T vk 2153
(2)3 A RIRF 95 [ 59 A= ¥ e = 24 508 72 (UKB) TRERSHMH
W B AR L PR S BOAn R 5 TR AT R 38 A LR PO A T ) S 56 R 56 IE BT 42

X5 UKBHIEEWIFHARER

%5 UKB %4 4 RS S F %
10 UKBI 2000 459 2
11 UKB2 2000 766 2
12 UKB3 2000 508 2

B A vl e R B AR S G b fd Y UKD 24
2ok A P id 51470, BFFE N B30T DLSE & B 7 9
(https://www. ukbiobank. ac. uk) H i {#i /| UKB

(3) FlALE
£ 6 R

3 A ER R S LR s S

xo6 BEBGBBFESEMNFEAER

G5 Vel 15 A 4 XGH mitEE ek
13 ORL 400 10245 10
14 COIL20 1440 1024 20
15 COIL100 2000 508 100

(4) 3 AR JEF Wk Chttps: //jundongl. github.
io/sci kit-feature/datasets. html) F) SCAS B0 85 &, H
qéé[H,fFl u\ﬁn%% 7 Ef/j_‘

RT XFHFEEHFARR

WIREE

(DR, 4.1 0B X e 25 SRR 7 25 ] s
B RO RO 7S A R A A R SOy TR I £
7 735 0] b B[], 380 JF A SC T ik 4 8 22 e 2 ()
AR 5

(2) IEBATE. 4. 2 79K 38 3 X bb 28 AR 7 25 (A
BT LT A RCMH A AR 7 2 ) 5 8 R AR SC 7 vk
B 220 s T 8 E AR SC O ik b A 22 o 2 )
B 1E B PE 5

A RNE. 4.3 TR A ST $E 22 00 8 2 ) B i
Py B T 24T 5, SRR oy 228 A e
HLAS 27 20 43 2 38 b L 36 UE AR 3¢ 96 18 1) 43 84T 55
A ROPE B T AR E 1

(DO W FE 4.4 WH A SO RN T 42K
SR G R4y KA G LG 2 o) oy K R

Z IR GE T 43 BT L 56 UE A SC O ¥k T 1) 43 84T 55 1

i E .
4.1 HE LR E S E BRI

FEARTT K 38 X AR SO T (R T 2 3 AR
156 22 AR08 23 ) A A8 15 BLA vk (4 LB
23 AT COF- 77 75 L 48 B 75 25 (] #8578 (Warshall

== ¥ S 0 ¥ M BB 5 Sy N e
Mo oRRR ORR RBR R R T AT RN 7 2 AR e 2
16 RELATHE 1427 1322 2
et e S RN .
" POMA 1943 4820 ) 23 A1) 4 B[] >F 58 I AR SC 7 Bk 7 % R T T G AT .
18 BASEHOCK 1993 1862 2 SEuGEE R AN 8 iR,
R 8 ZHE=EMEMELE
- e T A RAEW 22 MASO] 7 245 1) 45 0 25 WURA] i 2 ) FRASE
A 7 2 () A5 764 CEI5# (Warshall %)

1 0.0938 0.2031 3. 2146 6.2061

2 0. 2818 0.9078 13. 4869 31. 3979

3 0.5955 1. 5498 32. 4581 69. 8845

4 0. 5475 14.7773 282. 2334 601. 0443

5 8.4793 31.4319 899. 1458 3552. 8956

6 10. 5686 50. 5568 1954. 3153 6023. 9564

7 0.0313 2.7849 2460. 5974 6591. 4598

8 10. 9569 116. 3888 5846. 1239 15306. 5914

9 20. 7037 132. 7361 10996. 1235 17269. 8546

10 0. 1412 25. 6333 2023. 4569 5923. 6855

1 0. 1875 29. 9750 2245. 9537 6915. 2655

12 0.1563 26. 2730 1965. 4863 6002. 9990

13 0. 0963 0. 1346 50. 0236 78. 6692

14 0.1875 0.9991 45. 3386 150. 1990

15 0. 2322 30. 4578 3464. 5841 9889. 9990

16 0. 3632 35. 5469 2364. 5695 8889. 4585

17 0. 4895 30. 8945 2956. 5841 8150. 1990

18 0. 4596 32. 9638 2546. 4595 9323. 4585




2154 it =2 Bl & i 2024 4F
Mz 8 fn .76 9 > UCI ¥ 4 .3 > UKB % IR 2 h R T AL R TUAY MR B AR A )

e 3 DMEMEBHRE R 3 D SCARBHRE T, AR SC
48 22 B 2% [B] (38 A7 B ) I T B — Fh R
T 25 () R A S 22 B 245 () (Y 3 47 B )L R Ot 3k
VARSI VR AR [H] B A% BE 7 A AL . BT 2 4K
WG R, 200 B 25 (W) A9 A0 0 3245 31 1K Y
$ETt.

T BLA T V5 4 2 b 253 (] 349 5 A A
FRABL DG 2R PR AR ST 5 v v A 22 R B 5 ) 3880 % o i
SR 3 A B

(D A KD-Tree B LM E T A& T
RIAR LG 2 Th 30 S Y 2 3 AR A OC & L R
FERE) 22 B A5 (B 20 BR 1 e, kT R S ROR A
6L OG22 I T 58 12 1l v P P 22 ] AR RLRE B 30 A R
JEAE— R FARETE T AR SO R

(2) ARSCHIEERY 2 35 4R AR G 22 %0 AR B
(AT AL S 2 AR5 S, R 7 g 22 b 25 ) 1)

K R P HRBCA R R BB AR — e R
ARTE TARSCOT R RUR

(3) ASCHIHEM 2 IEABBM R R & 2n
ANE L B e b 2 kL B s [ 2B R 3 A4 p
TR BENECN p B HFT B AT 2 pn XL, b
o T A I BT R T 0 X on LR T A 0
WERE. - EBRBELRATAIHFEN
4.2 B ZHE T E K ERHSIEG

FEATT K 38 2 X F AR SO ik (BT 2 3 AR
12 2 A AN 7 2 TR R ) 5 AT T 1 (0 USR] R
23 (AR COF- 77 75 L 48 OB 75 25 (] #8578 (W arshall
B T A A AR 2 RS D) e £ B A
B SRR 3 22 b 4% ) 1) AH BLE L Ol 38 AR SC
AR U 20U BRI S 22k B 245 (8] ) I L S5
ZERME 9 PR,

®9 RIENANENHMESNETEBNERME
A RE BB AR CTT ATk
R - EFHBEMN 25 WASTR) g 2 [ A 2 M AR T 2 [ B 7Y PRBUH RUE ) 22 3 ]
AR T 45 0] A6 CEIE (Warshall 8 ) B I Bk I A
1 21 21 21 21 100% 100%
2 249 249 249 249 100% 100%
3 311 311 311 311 100 % 100%
4 45 45 45 45 100% 100%
5 956 956 956 956 100% 100%
6 3 3 3 3 100% 100%
7 5 5 5 5 100% 100%
8 1394 1394 1394 1394 100 % 100%
9 981 981 981 981 100 % 100 %
10 1490 1490 1490 1490 100% 100%
11 1488 1488 1488 1488 100 % 100 %
12 1485 1485 1485 1485 100% 100%
13 366 366 366 366 100% 100%
14 1439 1439 1439 1439 100% 100%
15 7154 7154 7154 7154 100 % 100 %
16 95 95 95 95 100% 100%
17 323 323 323 323 100 % 100%
18 1125 1125 1125 1125 100% 100%

mE 9 Fros . 76 9 4 UCT 5t % .3 4> UKB %
P 3 A BB A 3 A SUARBUE 5 v AR SOy
25 BUAT = RO 2 1R 4R IO A BB H
B B O S = Ko [ I P NS 7
UAT = AR i 2 )RS 78 S ) 22 B 25 ()4l 58 4
FATA). PR B 0IE T AR SC 7 ¥ R 2 R 4% [ ) T
AR TE B A SO 2R T 2 A AR AR OC R A 2 ok
JIE 25 B 1 7 0 s ANASCHR T T 4 4505 [) B A E T 4
9

4.3 EESEESHEREIERS
FEATT o, AR S 8 22 07 i 43 i) B el 4 o ik
H 90 B 43 24T 55 b 50 0E A 5o
FEFAR ST TR R 2k 2 [ 9 T oy 284 5
BT AN 7 iR, B D BRI FLRT R 52 2 BE AN T
(1) a7t 4 2 A FH 7 S8 0 0k E A7 8090 46 1
SRR (R IE FE L ol B 22 9k R AT B0 4R AR ME A
(2) Ko g 2 s [ AR B0 1 M 2 b i 2
). 1225 BRI ) [E] 52 4% BE A 1B 6 7R O(nlogn)
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; B AL B !

Feg e 2 0 25 ]

[ prpmnms
T
P s

=5l

_f .o i
BT 7SS S

B 7 BT A5 R 2 R s () T 2R A i e

(3) NZRIr 26 & 4 B 4 BE ML 23 S VIl 5 45
WA 3z FH SOk 42 1 %) 73 A9 o B2 807 1% g A
I A 2 2] 200 Ji 2% [ v Jot e v 7 1) e A0 R OB
JE I AE SR e JARORL B 4 2 S8 Sl R U 32 2 R Y
EE N O(p + 1 JH p A KAE B A%
p 1 A Y 22k R A (] 2

(4) PEAT 932 A AR 32 HISCRk[42 ] Y
o3RG Tz b 5 O A% e Ak R T SR b o, S B
AL IRA R SRS OCq) b g IR
(3) FP e 5 19 A DA JBE g 0 U .

25 bR AR TR SO 2R 2ok S ()
T AR S BT E 42 R O (nlogn) .

R T VRAR A SO g PR RE L SEE SR T 10 9788 X
B UE R AT, R VEAS S0 22 BB 1Y Accuracy JRecall |
Precision F1 F1 PUA~38 FH 48 br 3200 M 68 >R F A%
122 (STD) K JIE 4k 73 28 25 Y B AE TE. 7] K L A5 LA
TR A B 53 A

(1) 9 ARLHFFE43 248 . NCR™ ,NCRDPP",
TNCR™, GBNRS™", GB- ENN""", FNC-TC""",
FNC-EC"" ,RSLRS™" #l ESWD"*;

(2) 6 2 ML ) 7 Ry LR (Classi-
fication and Regression Tree, CART)'M | % 4
ML (Support Vector Machine, SVM)T fhZ Il
i #7 (Naive Bayes Classifier, NBC)'™ 32 # [a] 4 43
2% (Logistic Regression classifier, LR)"™ | Bl
MK (Random forest, RF)7™ Fil k i 4B ( £ -Nearest
Neighbors, £NN)™*,

IR AR SECE K 10 PR,

Xt 16 Ao a8 18 A EE4E o6 T A
Sy ZR¥8 PR Accuracy Recall \Precision F1F1 BJSE56
LRI 11~ 14 Pros A PUASFE b T 09 - 3 1 B an
Bl 8. 3% 11~ 14 s — 17200 w5 — S 2 Kt
12 5 A b I BE AR AN ] 23 26 S5 7E A W) K3l 4R
AR 2ETERE  PERE SR PR BUETE L Dy 0 ) 1. (|8 Sy

JernbEfE b s R A STD N 18 A i 4 4 Je vt g
FRbR i 2E , STD B/ Ut W] 73 28 48P REBRAR A

K10 DEF[HNSHIEE

s ZHBE

NCR fift F Sk [60 ] i) AH TR 25

NCRDPP 1 SCik 61 ] v i A6 ) S 45
TNCR i 1 SCik 62 i AH R 5 4
GBNRS RLER 21 BE Y B AE R 1.
. (1) RLEREEEE MY BI(E N 15
CBANN o) s pok F13 0 & (0B
FNC-TC I SCRRC65 ] Hh i A 7] 5 %
FNC-EC A A SCHk 66 ] i1 41 R 5 4%
RSLRS I SCk 67 ] i AH IR S 4
E3WD e FH SCHR (68w Y AH 7] 2 8k
CART fii il Python H Scikit-learn J& 9 () BRIN S $5.
SVM i | Python 7 Scikit-learn J& i (19 2R IA 2 %0,
NBC i F§ Python 1 Scikit-learn J& H Y BRIN 2 5L,
LR i L2 1 4k,
RF i F 3738 LB E T E n_estimators W HUH.
ENN 38 3 P A R E A kBB

M 11~ 14 7] DL HAE KH o Bois 46 1.
BT ARSI R R #0732 38 A0 L LAt 15 4325 8%
FEERE LA & L IF BBk B B T A 3
TR oy 23R AE 4 Ol M A8 TS T
Hofth 15 A~4328 2% . A 8 Fiom ; [MAF STD 7E 4 T 45
P BT HAD 15 432 8%, LR A R R A
J5 V5 AR T 7] 53 24T 55 7 AR IE - 24 1 8 v T Hofth 43 28
AR R T o R A EL A o ) R 1

T Hh o 55 HLAS 2 2T 43 SR AR L L AR SO T 1)
G JEAT 55 1 43 S PR R R R) 52 2% BE X LA A an R
AR SO 0 18] 53 FEAT 55 B st ) & 5% 8 A O(ulogn)
CART B[] Z 2 R O (nlogn) . SVM [} &
FERAE RN OGS S IEH R O(®) . NBC
B E] 5 2% Bl Onfe) . LR B IFE] 52 24 B O
(nf). RF WA [a] 5 2% B k1 O(nflelogn). RNN [ I [i]
HAEHN Onflogn) . H, n IXEEH, f W8
PERCH ¢ MURSEEEH . kMW BECH. d b nl I,



2156 17 S AR/ R S 14 2024 4
#R 11 Accuracy Xttt
PRES" HITA AR R WHE IR
Tk NCR NCRDPP TNCR GBNRS GB-ZNN FNC-TC FNC-EC RSLRS E3WD CART SVM NBC LR RF FNN
1 1.0000 0.9533 0.9600 0.9533 0.9923 0.9452 0.9600 0.9923 0.9825 0.9533 0.9533 0.9600 0.9519 0.8195 0.9395 0.9519
2 0.8889 0.7037 0.7593 0.7667 0.8405 0.7741 0.8252 0.8370 0.8233 0.7334 0.7481 0.8370 0.8365 0.8407 0.7481 0. 7981
3 0.9582 0.7973 0.8345 0.8420 0.9023 0.8332 0.8420 0.8725 0.8545 0.8599 0.7980 0.8394 0.7557 0.7740 0.7831 0. 8420
4 1.0000 0.6275 0.9494 0.9595 0.9538 0.9457 0.9494 0.9595 0.9233 0.9494 0.9378 0.9538 0.9551 0.9624 0.9436  0.9256
5 1.0000 0.9993 0.9941 0.9577 0.9881 0.9770 0.9825 0.9954 0.9567 0.9851 0.9881 0.9881 0.8456 0.9666 0.9718 0.9545
6 0.9289 0.8703 0.9034 0.8929 0.8834 0.8663 0.7903 0.8703 0.8663 0.9025 0.8713 0.8523 0.7903 0.7859 0.8518 0.7903
7 0.9116 0.6681 0.7328 0.7652 0.8583 0.7841 0.8823 0.9116 0.8496 0.7967 0.7501 0.7638 0.7583 0.7735 0.7031  0.8703
8 0.7878 0.4883 0.6378 0.5833 0.7568 0.7600 0.7756 0.7722 0.7600 0.7098 0.7826 0.7665 0.7648 0.7691 0.7486  0.7645
9 0.8336 0.7796 0.8110 0.9604 0.8678 0.8098 0.8246 0.8336 0.8678 0.9632 0.7516 0.8696 0.8098 0.8678 0.7220 0.7796
10 0.9035 0.7973 0.9425 0.9460 0.8245 0.9450 0.8856 0.8945 0.9235 0.9520 0.8645 0.8915 0.8422 0.9020 0.8325 0.8856
11 0.9340 0.8394 0.9290 0.9460 0.8990 0.9460 0.8992 0.9225 0.8678 0.9460 0.9270 0.9510 0.8314 0.7723 0.9190  0.9412
12 0.9562 0.7481 0.9430 0.9460 0.9036 0.9460 0.9420 0.9520 0.9445 0.9036 0.9205 0.9555 0.7037 0.9520 0.9040  0.9523
13 0.8571 0.8235 0.8345 0.8245 0.8415 0.8312 0.8312 0.8499 0.8235 0.8345 0.8245 0.8235 0.8332 0.8199 0.8235 0.8401
14 0.9821 0.9547 0.9645 0.9512 0.9688 0.9322 0.8412 0.9820 0.9688 0.9320 0.9688 0.9549 0.9512 0.9323 0.9478  0.9349
15 0.9457 0.8885 0.8912 0.8841 0.9404 0.9178 0.9320 0.9323 0.9231 0.9149 0.8912 0.8685 0.8841 0.8456 0.8749  0.8812
16 0.8525 0.7745 0.7814 0.7847 0.8512 0.7918 0.7923 0.8456 0.7814 0.8125 0.7847 0.7495 0.7732 0.7745 0.7745  0.7925
17 0.8023 0.7136 0.7396 0.7136 0.7985 0.7547 0.7748 0.7799 0.7136 0.7014 0.7136 0.7356 0.7014 0.7136 0.7248 0.7410
18 0.8323 0.7211 0.7414 0.7323 0.8299 0.8007 0.7823 0.8032 0.8173 0.8007 0.7414 0.7211 0.7323 0.7189 0.7689  0.7686
M 0.9097  0.7860 0.8527 0.8561 0.8834 0.8645 0.8618 0.8892 0.8693 0.8680 0.8454 0.8601 0.8178 0.8328 0.8323 0.8563
STD  0.0671 0.1224 0.1004 0.1079 0.0643 0.0764 0.0672 0.0691 0.0731 0.0880 0.0873 0.0850 0.0775 0.0792 0.0869 0.0728
& 12 Recall 3Ftt
s A3 RTS8 B2 ) 4 K08
J7 ik NCR NCRDPP TNCR GBNRS GB-2NN FNC-TC FNC-EC RSLRS E3WD CART SVM NBC LR RF ENN
1 1.0000 0.9194 0.9600 0.9533 0.9600 0.9450 0.9322 0.9945 0.9235 0.9123 0.9533 0.9600 0.9573 0.8195 0.9395 0.9519
2 0.8888 0.7033 0.7644 0.7732 0.8888 0.7750 0.8252 0.8370 0.9567 0.7334 0.7416 0.8357 0.8354 0.8397 0.7407 0.7863
3 0.8829 0.6633 0.8460 0.8420 0.7633 0.7345 0.8011 0.8725 0.7533 0.8599 0.6481 0.7158 0.5447 0.5882 0.6011 0.8420
4 1.0000 0.5896 0.9409 0.9530 0.9659 0.9450 0.9494 0.9595 0.9494 0.8420 0.9263 0.9528 0.9590 0.9589 0.9344 0.9256
5 1.0000 0.9993 0.9940 0.9564 0.9893 0.9769 0.9825 0.9954 0.9567 0.9851 0.9882 0.9892 0.8413 0.9656 0.9712 0.9545
6 0.9478 0.8145 0.8558 0.8655 0.9429 0.7982 0.7903 0.8703 0.9123 0.7935 0.8294 0.8294 0.8576 0.8449 0.9256 0.7903
7 0.9120 0.5999 0.7328 0.7652 0.7353 0.6491 0.8823 0.9116 0.8496 0.8135 0.7353 0.5619 0.5744 0.5667 0.5786 0.8706
8 0.7911 0.5116 0.5359 0.3333 0.7155 0.7393 0.5532 0.7722 0.7158 0.7098 0.7887 0.5779 0.6003 0.5767 0.7155 0.7645
9 0.8321 0.7794 0.8109 0.8606 0.8697 0.8094 0.8246 0.8336 0.8606 0.8532 0.7519 0.8695 0.8092 0.8697 0.7220 0.7796
10 0.5818 0.4492 0.5178 0.5000 0.5818 0.4995 0.4032 0.5189 0.4235 0.5178 0.5155 0.4984 0.5421 0.5026 0.5250 0.5736
11 0.6627 0.6497 0.5113 0.5000 0.6610 0.5000 0.4832 0.5323 0.4928 0.5323 0.6479 0.6750 0.6589 0.5000 0.4929 0.5323
12 0.5886 0.5246 0.5206 0.5000 0.5523 0.5000 0.4215 0.4578 0.5467 0.5631 0.5159 0.4949 0.5631 0.5064 0.5190 0.5033
13 0.8612 0.8235 0.8345 0.8245 0.8415 0.8312 0.8312 0.8499 0.8235 0.8345 0.8245 0.8235 0.8332 0.8199 0.8235 0.8401
14 0.9699 0.9547 0.9645 0.9512 0.9688 0.9322 0.8412 0.9623 0.9156 0.9323 0.9688 0.9549 0.9512 0.9323 0.9478 0.9349
15 0.9457 0.8885 0.8912 0.8841 0.9404 0.9178 0.9320 0.9323 0.8912 0.9320 0.8912 0.8685 0.8841 0.8456 0.8213 0.8812
16 0.8400 0.7745 0.7814 0.7847 0.8512 0.7918 0.7923 0.8456 0.7814 0.7625 0.7847 0.7495 0.7323 0.7745 0.7745 0.7925
17 0.8532 0.7136 0.7396 0.7136 0.7985 0.7547 0.7748 0.7799 0.8512 0.7914 0.7136 0.7348 0.7014 0.7299 0.7248 0.7410
18 0.8832 0.7211 0.7414 0.7323 0.8299 0.8007 0.7823 0.8032 0.8173 0.7805 0.7345 0.7211 0.7323 0.7189 0.7689 0.7686
SERE 0 0.8578  0.7267 0.7746  0.7607 0.8253 0.7722 0.7668 0.8183 0.8012 0.7861 0.7755 0.7674 0.7543 0.7422 0.7515 0.7907
STD 0.1261 0.1530 0.1559 0.1804 0.1302 0.1483 0.1739 0.1560 0.1564 0.1312 0.1359 0.1541 0.1428 0.1576 0.1536 0.1316
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& 13 Precision Xttt

s EN'S Rt R o8 HLAs 27 2] op 2 8
J7#  NCR NCRDPP TNCR GBNRS GB-ANN FNC-TC FNC-EC RSLRS E3WD CART SVM  NBC LR RF kNN
1 1.0000 0.9171 0.9600 0.9533 0.9395 0.9571 0.9789 0.9989 0.9589 0.9823 0.9533 0.9600 0.9478 0.8195 0.9395 0.9519
2 0.8877 0.7222 0.7521 0.7638 0.8326 0.7822 0.8252 0.8812 0.8467 0.8543 0.7368 0.8256 0.8332 0.8326 0.7378 0.7981
3 0.8735 0.6743 0.8369 0.8420 0.7990 0.7517 0.8420 0.8725 0.7933 0.8520 0.6626 0.7221 0.5640 0.6051 0.6228 0.8420
4 1.0000 0.5907 0.9494 0.9587 0.9629 0.9491 0.9123 0.9595 0.9429 0.9320 0.9359 0.9498 0.9442 0.9601 0.9430 0.9256
5 1.0000 0.9992 0.9940 0.9584 0.9725 0.9792 0.9825 0.9954 0.9525 0.9854 0.9880 0.9873 0.8470 0.9674 0.9725 0.9545
6 0.9354 0.8234 0.9285 0.9363 0.8686 0.8585 0.7903 0.8703 0.9263 0.9332 0.8856 0.8971 0.7228 0.8296 0.8217 0.7903
7 0.9050 0.6037 0.7328 0.7652 0.8829 0.7077 0.8823 0.9116 0.8496 0.9035 0.7401 0.5770 0.6385 0.5496 0.5915 0.8703
8 0.7973 0.3631 0.5522 0.1961 0.7798 0.7212 0.7756 0.7722 0.7768 0.7798 0.7893 0.5792 0.6475 0.5457 0.7108 0.7645
9 0.8569 0.7786 0.8109 0.8610 0.8676 0.8108 0.8246 0.8336 0.8708 0.8346 0.7517 0.8694 0.8415 0.8676 0.7219 0.7796
10 0.5788 0.4710 0.5503 0.5430 0.5223 0.4730 0.5612 0.5389 0.4935 0.5178 0.5166 0.4621 0.5542 0.4958 0.5219 0.5032
11 0.7134 0.6225 0.5279 0.4730 0.5009 0.4730 0.5512 0.5596 0.5028 0.5323 0.6161 0.7358 0.6088 0.4813 0.5040 0.5523
12 0.6847 0.5877 0.5905 0.4730 0.6726 0.4730 0.5923 0.5832 0.6467 0.5631 0.5216 0.4792 0.5289 0.5295 0.6618 0.6012
13 0.8612 0.8235 0.8345 0.8245 0.8415 0.8312 0.8312 0.8499 0.8435 0.8345 0.8245 0.8235 0.8332 0.8199 0.8235 0.8401
14 0.9699 0.9547 0.9645 0.9512 0.9688 0.9322 0.8412 0.9523 0.9556 0.9012 0.9688 0.9549 0.9512 0.9323 0.9478 0.9349
15 0.9457 0.8885 0.8912 0.8841 0.9404 0.9178 0.9320 0.9323 0.8912 0.9320 0.8912 0.8685 0.8841 0.8456 0.8213 0.8812
16 0.8392 0.7745 0.7814 0.7847 0.8512 0.7918 0.7923 0.8456 0.8554 0.8025 0.7847 0.7495 0.7323 0.7745 0.7745 0.7925
17 0.8532 0.7621 0.7396 0.7136 0.7985 0.7547 0.7748 0.7799 0.8512 0.7714 0.7136 0.7348 0.7014 0.7299 0.7248 0.7410
18 0.8832 0.7211 0.7414 0.7323 0.8299 0.8007 0.7823 0.8032 0.8173 0.7805 0.7345 0.7211 0.7323 0.7189 0.7689 0.7686
SERE S 0.8658  0.7266 0.7855 0.7563 0.8240 0.7758 0.8040 0.8300 0.8208 0.8162 0.7786 0.7721 0.7507 0.7392 0.7561 0.7940
STD 0.1112 0.1629 0.1476 0.2046 0.1332 0.1572 0.1228 0.1368 0.1361 0.1401 0.1387 0.1585 0.1365 0.1596 0.1379 0.1270

# 14 F1 %ttk

. A3 [N ER At HLES 5 2] 4 K 4ls
Jith NCR NCRDPP TNCR GBNRS GB4NN FNC-TC FNCG-EC RSLRS ESWD CART SVM  NBC LR RF kNN
1 1.0000 0.9182 0.9600 0.9533 0.9496 0.9510 0.9550 0.9967 0.9409 0.9460 0.9533 0.9600 0.9525 0.8195 0.9395 0.9519
2 0.8882 0.7126 0.7582 0.7685 0.8598 0.7786 0.8252 0.8585 0.8983 0.7892 0.7392 0.8306 0.8343 0.8361 0.7392 0.7922
3 0.8782 0.6688 0.8414 0.8420 0.7807 0.7430 0.8210 0.8725 0.7728 0.8559 0.6553 0.7189 0.5542 0.5965 0.6118 0.8420
4 1.0000 0.5901 0.9451 0.9558 0.9644 0.9470 0.9305 0.9595 0.9461 0.8847 0.9311 0.9513 0.9515 0.9595 0.9387 0.9256
5 1.0000 0.9992 0.9940 0.9574 0.9808 0.9780 0.9825 0.9954 0.9546 0.9852 0.9881 0.9882 0.8441 0.9665 0.9718 0.9545
6 0.9416 0.8189 0.8907 0.8995 0.9042 0.8273 0.7903 0.8703 0.9192 0.8577 0.8566 0.8619 0.7845 0.8372 0.8706 0.7903
7 0.9085 0.6018 0.7328 0.7652 0.8024 0.6771 0.8823 0.9116 0.8496 0.8561 0.7377 0.5693 0.6048 0.5580 0.5850 0.8704
8 0.7942 0.4247 0.5439 0.2469 0.7463 0.7301 0.6458 0.7722 0.7451 0.7432 0.7890 0.5785 0.6230 0.5608 0.7131 0.7645
9 0.8443 0.7790 0.8109 0.8608 0.8686 0.8101 0.8246 0.8336 0.8657 0.8438 0.7518 0.8694 0.8250 0.8686 0.7219 0.7796
10 0.5803 0.4598 0.5336 0.5206 0.5504 0.4859 0.4693 0.5287 0.4558 0.5178 0.5160 0.4796 0.5481 0.4992 0.5234 0.5361
11 0.6871 0.6358 0.5195 0.4861 0.5699 0.4861 0.5150 0.5456 0.4977 0.5323 0.6316 0.7041 0.6329 0.4905 0.4984 0.5421
12 0.6330 0.5544 0.5534 0.4861 0.6065 0.4861 0.4925 0.5129 0.5925 0.5631 0.5187 0.4869 0.5455 0.5177 0.5818 0.5479
13 0.8612 0.8235 0.8345 0.8245 0.8415 0.8312 0.8312 0.8499 0.8334 0.8345 0.8245 0.8235 0.8332 0.8199 0.8235 0.8401
14 0.9699 0.9547 0.9645 0.9512 0.9688 0.9322 0.8412 0.9573 0.9352 0.9165 0.9688 0.9549 0.9512 0.9323 0.9478 0.9349
15 0.9457 0.8885 0.8912 0.8841 0.9404 0.9178 0.9320 0.9323 0.8912 0.9320 0.8912 0.8685 0.8841 0.8456 0.8213 0.8812
16 0.8396 0.7745 0.7814 0.7847 0.8512 0.7918 0.7923 0.8456 0.8167 0.7820 0.7847 0.7495 0.7323 0.7745 0.7745 0.7925
17 0.8532 0.7371 0.7396 0.7136 0.7985 0.7547 0.7748 0.7799 0.8512 0.7813 0.7136 0.7348 0.7014 0.7299 0.7248 0.7410
18 0.8832 0.7211 0.7414 0.7323 0.8299 0.8007 0.7823 0.8032 0.8173 0.7805 0.7345 0.7211 0.7323 0.7189 0.7689 0.7686
FHME 0.8616 0.7257 0.7798 0.7574 0.8230 0.7738 0.7827 0.8237 0.9102 0.8001 0.7770 0.7695 0.7519 0.7406 0.7531 0.7920
STD  0.1187 0.1582 0.1515 0.1945 0.1293 0.1525 0.1505 0.1468 0.1456 0.1330 0.1371 0.1559 0.1384 0.1586 0.1449 0.1293

() fHH CART.SVM.RF Hil £NN 70 45, A
SCT5 R T 0] 43 AT 55 1) I [) 52 4% B8 AT 5

(2) AL NBC M1 LR 202 &% . A% 3C 5 12 T 1] 43
AT 55 B I A] B 2% R BAT AL 3 R AR % 11~
14, A0 NBC 432888 A SOy 125 10 1) 43 24T 55 18
Accuracy 1855 FHTFT 11.12% . 7E Recall 843 T
WBHT 13.72%., #£ Precision #8 fr PR FA T

15. 332, 7E F1 85 NEFH T 14. 67 % s M 1L LR 43
Fodn A SO VR ) 43 AT 55 (W i ) 52 2 BE R LA
P (HEMRAEHR 11~ 14, M L NBC 432888, A
SCT5 U TH W) 53 AT 55 TE Accuracy TRb T AT T
9.23% .7E Recall $8%r F#RF+ T 15. 87% .1E Preci-
sion 8 bR FIRTFT 17.13%, 78 F1 #5¥5 T #£ 7+
T 16.34%.
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Accuracy  1.81 12,11 8.00 7.94  5.39 8.33 7.94 4.28 8.39 811 10.00 8.50 12.06 11.06 12.67 9.33  9.86
Recall .11 11.39 8.00 9.61 3.50 9.61 9. 89 4.56 8.50 878 9.44 10.00 9.78 11.50 11.28 9.00 10.40
Precision  1.61  10. 67 8.17 9.56  5.83 10. 22 7.78 4. 61 6.39  6.67 9.72 9.83 11.06 12.22 11.94 9.67 9.62
F1 1.56  11.44 8.00 9.72  4.06 10. 22 9.11 4.39 7.28 806 9.61 9.61 10.56 12.00 11.56 8&.33 10.36
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Background

Granular computing is a state-of-the-art methodology
that simulates the multi-granularition cognitive pattern of the
human brain to deal with complex problems. As a typical de-
scription of granular computing, fuzzy quotient space theory
focuses on gradually granulating complex problems into the
hierarchical multi-granularition spaces, thereby implemen-
ting hierarchical solution of the complex problems.

However, when dealing with massive high-dimensional
data, the efficiency of constructing multi-granularition spaces
through the fuzzy similarity relations in the existing fuzzy
quotient space methods reduces significantly. On one hand,
the fuzzy similarity relation is obtained by calculating the
similarity among all objects, which is not conducive to pro-
cessing large datasets; On the other hand, the fuzzy similari-
ty relation contains a large amount of redundant information,
which leads to a large number of redundant computation in
the subsequent steps.

Therefore, based on the 2-nearest neighbor fuzzy rela-
tion, an efficient construction approach for constructing
multi- granularition spaces is proposed. which greatly im-
proves the efficiency on the premise of ensuring the perform-
ance when facing downstream classification tasks. First,
based on the $k $-nearest neighbor algorithm. a-nearest
neighbor fuzzy relation is proposed, and its key properties are

discussed and proven. Second. for the multi-granularition
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spaces construction task, parameter analysis is performed on
the-nearest neighbor fuzzy relation, theoretically proving that
when is taken as 2, all effective information in the data space
could be included. Then, the number of effective positions in
the nearest neighbor and second nearest neighbor phases are
defined. And the algorithm for extracting effective values and
effective positions of the fuzzy similarity relation is proposed,
improving the efficiency of constructing multi-granularition
spaces. Finally, relevant experiments are conducted on 9
UCI datasets, 3 UKB datasets, 3 image datasets and 3 text
datasets to validate the efficiency of multi-granularition
spaces construction approach. By comparing and analyzing
with the existing classifiers, the effectiveness, stability, and
saliency of the proposed approach for classification tasks are
demonstrated. In summary, a-nearest neighbor fuzzy relation
that only contains sparse effective information is constructed.
On the basis, an efficient construction approach for construc-
ting multi-granularition spaces based on 2-nearest neighbor
fuzzy relation is proposed, which greatly reduces time com-
plexity while ensuring classification performance.
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